The idea of using liquid crystalline host matrices for macroscopic orientation of guest molecules is quite well known. [ In this contribution, we report the macroscopic orientation of the conjugated oligothiophene, a-sexithienyl (T6) dissolved in a nematic liquid crystalline matrix (Fig. 1) . The orientation of the oligothiophenes can be dynamically switched with the host nematic matrix upon application of an electric field, as observed through switching of the polarized photoluminescence of T6. This simple procedure to achieve macroscopic orientation in conjugated oligomers and polymers can be utilized to study the anisotropic absorption and emission of this class of materials.
The six-thiophene oligomer used in the present study carries dodecyl substituents on different thiophene rings (see Fig. I ) and is formally designated as T6 d (2, 5) . The synthesis has been described p r e v i~u s l y . "~~'~~ Liquid crystal cells filled with the solutions of Tb in E7 show uniform brightness in a cross-polarized microscope, suggesting a homogeneous alignment of the liquid crystals. To estimate the achieved degree of homogeneous alignment
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of T6 in the nematic matrix we performed linear dichroism experiments using linearly polarized optical absorption and emission. Figure 2 shows the optical absorption recorded with a polarizer parallel and perpendicular to the rubbing direction, respectively. The guest T6 molecules are aligned 350 400 450 500 550 600 with the director parallel to the surface of the cell, and parallel to the rubbing direction. A degree of absorption polarization at the maximum of the n-n* optical absorption band of T6, NA N ODp,,/ODperp > 3.5 could easily be achieved. This result demonstrates that the guest molecules (oligothiophenes) can be spontaneously aligned with the homogeneous alignment of the host (liquid crystal) matrix. Since the n-n* absorption of the oligothiophenes is polarized parallel to the molecular backbone, the guest molecules are aligned parallel to the director of the nematic host.
Investigations of the photoluminescence of the system confirm the results of the dichroic absorption experiments. spectrum. The emission spectrum of T6 obtained by exciting and probing parallel to the rubbing direction (parallel to the director of the nematic matrix) is an order of magnitude stronger compared with the case where excitation and emission are perpendicular to the director. Since the active emission originates from the guest molecules, Tg, this result confirms the orientation of the guest within the nematic host. Figure 4a shows the excitation profile of the photoluminescence at 550 nm (maximum of the w-n* emission band of T6). Figure 4b shows the total luminescence spectrum of the host-guest system while pumping at 350 nm. The excitation maximum at 450 nm arises from the optical absorption of the guest (T6). However, the high energy maximum in the excitation profile at around 350 nm originates from the absorption of the host nematic E7, as confirmed in reference studies.
Since the emission from T6 can be pumped through absorption by the nematic host, there is a relatively rapid excitation transfer from the nematic host to the guest. The details of this excitation transfer are not yet known. However, because the luminescence of the nematic host is directly observed at around 400 nm (and confirmed in the reference studies without the T6), it is likely that an emission-reabsorption process is responsible for the excitation transfer.
After demonstrating the spontaneous, homogeneous alignment of the T6 guest molecules within the nematic host matrix, we studied the dynamic re-orientation. In an electric field a torque is generated which tries to orient the spontaneously ordered domains in such a way that the axis
Communications of maximum dielectric polarizability of the liquid crystal is parallel to the field direction."] In the case of a positive dielectric anisotropy, the directors of the spontaneously ordered domains are rotated in a direction parallel to the electric field"] Homogeneously ordered bulk samples can easily be prepared using dc field strengths of the order of io4v cm-' .
As shown in Fig. 5 , the T6 molecules embedded in the E7 nematic host matrix can be dynamically reoriented by applying an electric field to the liquid crystal cells filled with the solutions. The n-n* emission of T6 is quenched by an 500 550 600 650 700 750 order of magnitude upon applying an electric field of 18 V per 10 pm thickness. Since the excitation and emission polarizations in this Fig. 5 are chosen parallel to the rubbing direction, resulting in maximum photoluminescence without the electric field, the quenching of the photoluminescence by the field is attributed to the reorientation of the T6 molecules parallel to the electric field; i.e. perpendicular to the excitation and emission polarizations.
This process is reversible, as demonstrated in Fig. 6 , by monitoring the emission upon switching the field on and off. The response time of the switching after turning on the electric field is relatively fast (lo" < I sec). On the other hand, the relaxation back to the homogeneous alignment when the field is turned off is somewhat slower (tor M several seconds).
The possibility of an extended conjugated oligomer being macroscopically aligned by simply embedding in a liquid crystalline matrix and utilizing the properties of the host has been demonstrated. This opens up new areas of detailed studies of the properties of conjugated oligomers and polymers using, for example, optical dichroism to get polarization information on the excited states, high resolution nuclear magnetic resonance spectroscopy to get information on anisotropic interactions, and electron spin resonance to get detailed parameters of the radical ions (polarons) and triplet states by doping and photoexcitation.
Furthermore, the potential combination of liquid crystalline display technologies with the conjugated polymer light emitting devices is interesting. Finally, photoinduced electron transfer from conjugated polymers onto c60[18-221 in liquid crystalline matrices will be of potential use in photonics application^.
[^^-^^]
Experimental
The room temperature nematic liquid crystal E7 (clearing point 60.5"C, A& -13.8 at 1 kHz, An=0.224 at 589 nm) was obtained from EM Industries, Hawthorne New York, and used as-received. Solutions were prepared by dissolving up to 3.5 mg T6 in 1 mL E7 by heating just above the clearing point and magnetic stirring. The solutions are clear in the isotropic phase.
Liquid crystal display cells (10 pm thickness, 1 cm2 area) were purchased from Displaytech Inc., Boulder Colorado. The inner walls of the cells were coated with polyimide and treated to give surface orientation. After uniform filling through the two filling holes (using the capillary forces), the cells were sealed using epoxy resin. Electrical contacts to the indium-tin-oxide electrodes were made with silver paste.
Absorption studies were carried out using a Perkin Elmer Lambda 9 spectrophotometer. Photoluminescence excitation profiles were obtained with a SPEX Fluorolog emission spectrophotometer. For all other emission studies, an Argon ion laser (457.9 nm) was used to pump the sample while the emission was collected and spectrally resolved using a single grating monochromator equipped with a Si detector. All experiments were carried out at room temperature. The synthesis and properties of organometallic compounds in solid state chemistry are still at the exploratory stage. Progress in this field is highly desirable technologically because organometallic precursors cover virtually all the metallic elements and are accessible to electronic and steric tailoring. Recently, we reported the synthesis of the first known polymeric organometallic oxide, which has the empirical formula {Ho.5[(CH3)o.92Re0~]}m 1, from the monomeric precursor compound methyltrioxorhenium(vI1) (MTO).['-41 The structure of this polymer, called poly-MTO for simplicity, is best described in terms of double layers of corner-sharing CH3Re05 octahedra (AA') (Scheme la) with intercalated water molecules (B) in a AA'BAA' ... layer sequence (Scheme lb).
The interest in poly-MTO results not only from its structural novelty but also from its unusual properties. For example, a unique pressure-induced depolymerization is observed if the polymer is compressed to ~1 [' I Also at University of Basel a subtle equilibrium between the solid state forms of the monomer and polymer. Early in the discovery of 1, the remarkable possibility of depolymerization with chelating ligands in water was discovered.[51 Using the polymerization-depolymerization process in an acetate-buffered MTO solution, thin layers of 1 can be produced on glass surfaces. This is an important thin-film preparation method with possible future applications. We suggest that the system MTO-poly-MTO forms a new concept for bistable systems, triggered by temperature changes and consisting of solid and dissolved species. Poly-MTO is a member of a family of intercalation compounds in which the water layer in 1 is a guest in the lamellar host lattice. Since similar layered materials exhibit superconductivity,[61 the exchange of water with other intercalates may provide a synthetic route to new superconductors.
The structural details of 1, shown in Scheme 1, were derived by several methods, and in particular by powder diffraction techniques.
['] Despite concerted attempts, single crystals of 1 have not been grown to date. It was found, however, that small regions of poly-MTO are crystalline, whereas most areas are amorphous."] Further progress in characterizing these polymeric crystallites was achieved using scanning probe microscopy (SPM), as described below. SPM techniques are routinely used to characterize surface topography and allow non-destructive characterization under ambient conditions. The latter condition is important because other methods employing UHV conditions can partially remove the intercalated water and hence alter the structure. Owing to the presence of intercalated water layers, the spacings of different poly-MTO layers are not known exactIy and have not been visualized in real space. SPM techniques permit direct analysis of the spacing between layers of poly-MTO under ambient conditions.
